The m ares chosen for th e in v estig atio n of th e changes in th e rep roductive organs d u rin g th e oestrous cycle w ere k e p t u n d e r o b serv atio n for som e tim e before th e y w ere killed. T he d u ra tio n of th e h e a t period in these anim als was 7 days an d th e len g th of th e d ioestrus w as 16 days. O vulation tak es place a t ab o u t a d a y before th e end o f oestrus. T he size of th e o v ary du rin g th e oestrous cycle is chiefly influenced b y th e grow ing G raafian follicle. The n u m b er of follicles p re se n t a t different stages varies greatly . T he num erous sm all follicles p resen t a t th e beginning of o estrus disap p ear la te r in th e cy cle; it is suggested th a t th is m a y be due to th e lack of follicle-stim ulating horm one.
The colour of th e corpus lu te u m varies g re a tly a t different stages of th e cycle. The ru p tu re o f th e follicle is associated w ith some bleeding. T he active stage of th e corpus lu te u m is v ery sh o rt, a n d th e m ax im u m d iam eter of th e corpus lu teu m seems to be alw ays below th a t o f th e G raafian follicle. The g reater developm ent of th e G raafian follicle, w ith its secretion of oestrin, in th e m are leads to its p laying a m ore im p o rta n t role th a n in th e cow an d th e sow, in w hich species th e corpus lu teu m ta k e s a m ore d o m in an t p a r t in th e cycle. I t app ears th a t th e m uch longer o estrus in th e m are th a n in th e cow is due to th e longer tim e req u ired b y th e follicle to come to th e surface a n d to break th ro u g h . This is p ro b ab ly due to th e p eculiar stru c tu re of th e o v ary in th e m are, since th e ovulatio n , w hich is spontaneous, can only occur in th e sm all o vulation fossa. N o p ronounced secretion stage occurs during oestrus in th e F allo p ian tubes.
The an atom ical a n d histological changes in th e u te ru s of th e m are during th e cycle are slight as com pared w ith those in species w hich have a special ized p lacen tatio n , such as th e ra b b it, ferret an d c a t; th e y are sim ilar to those changes w hich occur in a species w ith a sim ple p lacen tatio n such as th e pig.
Cyclic changes are described in th e epithelial cells of th e cervix, w hich acts as a large m ucous gland. I t is p robable th a t ejaculation tak es place d irectly th ro u g h th e cervix into th e u teru s.
The changes in th e v ag in a p ro p er an d th e vestibulum vaginae are described; th e y are less pronounced in th e m are th a n in th e cow, b u t some cornification an d leucocytosis, sim ilar to th a t found in some rodents, occurs. * B ritish Council R esearch scholar.
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I n t r o d u c t io n
I he study of the reproductive processes in the mare is of interest from several points of view. On the one hand we are interested in the improve ment of the low fertility in the mare, which in Great Britain varies from 53 to 59 % in different breeds. On the other hand we are also interested in these processes from a theoretical standpoint, in view of the fact that the mare is an animal with a primitive placentation. As was shown by one of us (Hammond 1927) for the cow there exists a correlation between some of the anatomical and histological changes in the reproductive organs and the physiological processes during the oestrous cycle. In the present paper an attempt is made to point out these changes in some reproductive organs of the mare during the oestrous cycle.
M a t e r ia l a n d m e t h o d s
The chief difficulty in such studies is that the mare is an expensive animal to keep and to kill, so that the number of animals used for experiments must necessarily be limited. At the Animal Research Station, School of Agriculture, University of Cambridge, a uniform set of six Welsh pony mares from the same strain from one mountain were kept in a separate paddock during the winter of 1932 and the spring of 1933. Every day the mares were tested by a vasectomized stallion of the same breed in order to find out the length of their oestrous cycles and the intervals between them. In this way it was considered that the actual time the experimental mares came on or went off heat could be determined within one day. As has been shown by Hammond (1934 Hammond ( , 1938a and also by Day (1939a Day ( , 1940 , the length of the heat period varies during the year from 54 to 3 days, although the interval between the termination of the last heat period and the beginning of a new one is generally the same-16-17 days. By testing with vasectomized stallions it was found that the duration of oestrus just before killing was about 6-7 days. The time of killing and period of the oestrous cycle during which the experimental mares were killed are given below (table 1) .
Immediately after killing, the animals were dissected and the parts of the genital tract were examined in fresh state and weighed. Most of the parts were then fixed in 10 % formalin solution and afterwards stained mostly in Delafield's haematoxylin or Haemalum of Mayer or iron haematoxylin and van Gieson. Some parts, such as pieces of the cervix, upper vagina, etc., were fixed in mercuric chloride and then stained with Mayer's mucicarmine, counterstaining with iron haematoxylin. For histological study the following parts were fixed separately: ovarian part of tube, horn of uterus, cervix, upper vagina and vagina below urethra. C u 9 J u n e 1st d a y of h e a t C7 7 J u n e 2 d ays after end of h e a t C, 20 Ju n e 5 th d ay of h eat C6 9 Ju n e 8 days after end of h e a t
I . A n a t o m ic a l c h a n g e s i n t h e o v a r ie s

General remarks
A detailed description of the ovary in the mare is given by Williams (1931), Sisson (1930) and Schmaltz (1921 a,b) , so that it will only be necessary to make a few general statements, and then to describe the variations that take place in this organ during different stages of the oestrous cycle.
As is well known the ovary of the mare is bean-shaped and is the largest of all the domestic animals, being ca. 5|-8 cm. long and 2^-4 cm. thick, with a weight of ca. g. The ovaries are normally larger in young animals than in adult ones: the gland attains its maximum size when the animal has reached the age of 3 or 4 years. They vary greatly in size and form according to the presence or absence of Graafian follicles or a corpus luteum. When these are absent there is in the free border a well-marked narrow depression up to 7 mm. deep, the 'ovulation fossa'. The peculiarities of the ovary in the adult mare lie not only in their relatively large size and shape, but also in that, unlike the ovary of other species, it does not consist of a cortex (zona parenchymatosa) in which the follicles are situated and a medulla (zona vasculosa) which contains the vessels and nerves. Instead the serosa covers the whole ovary with the exception of the 'ovulation fossa'. The latter is covered by a layer of short polygonal cells, a remnant of the primitive germinal epithelium. In the adult animal the follicles are distributed throughout the interior of the ovary but rupture only in the ovulation groove and not on the general surface of the ovary. Kupfer (1928) found a striking similarity between the ovarian changes in the donkey and the mare. He has reported that in young donkeys mature follicles may appear at different points of the ovary, and that the rupture of follicles is by no means confined to the ' ovulation fossa5. In the mare's ovary the larger blood vessels are distributed mostly super ficially over the general surface of the ovary just under the fibrous capsule. In a functional ovary, just under the capsule, there is a more or less thick layer of interstitial cells lying in the stroma: these can easily be picked out by their colour which varies from brownish orange to brownish yellow. The middle of the ovary is generally occupied by the stroma of the ovary, a network of connective tissue in which are developing follicles, and corpora lutea, the newest ones being pear-shaped with the thinner part pointing towards the ovulation fossa.
The developmental changes which bridge the gap between the structure of the ovary of the mare and those of other domestic species have been described by Petten (1932) , Cole, Howell and Hart (1931) , and Cole, Hart, Lyons and Catchpole (1933) .
Size of ovaries in different stages of the oestrous cycle
The changes occurring in the ovaries during different stages of the oestrous cycle have been studied by first observing and weighing the ovaries in a fresh condition and, later, after fixation by making moderately thin sections, to cut through the largest possible diameter of the corpus luteum or largest follicle in the ovary; as was done by Hammond (1927) for the cow, measurements of the maximum cross diameters of these have been taken by the use of dividers and a scale. The rupturing of only one follicle permits the study of the relationships in size between the different parts of the ovary during the oestrous cycle.
A study of the weights of each ovary at different stages of the cycle shows (see tables 2 and 3) that there are large differences between the weights of the two ovaries of the same animal at different stages of the cycle. Before oestrus the relative weight of one ovary to the other is about 3 :1 but by the 5th day of heat this relation is about 6:1. It can be easily seen that this difference is very largely influenced by the growth of the new Graafian follicle, and less by the presence of a new corpus luteum. these changes become more characteristic and evident if the weight of the inactive ovary is deducted from the weight of the one with the follicle and new corpus luteum (active ovary, table 2). The curve in figure 2, in which these weights are plotted on each day of the oestrous cycle, shows that the increase of weight in the ovaries is due in the first place to the growing Graafian follicle between 2 days before heat and especially during the first few days of oestrus: the largest weight of the ovary in our experi mental mares occurs on the 5th day of oestrus, just before ovulation (see figure 1 , plate 1). The weight of the ovary on the 6th day of heat is almost as small as that 2 days before heat; this is due, as will be shown below, to the rupture of the follicle and loss of the liquor folliculi before the formation of a new corpus luteum. The increase of weight between the 6th day of oestrus and the 2nd day after end of heat coincides with the formation of a new corpus luteum, and the ovarian weight then begins to decrease till the 8th day, at which time it is rather smaller than at the 2nd day.
Concluding, it can be said that, in the mare, the size of the ovary is mostly influenced by the growing follicle and slightly only by the presence of a new corpus luteum. This is the contrary to what was found by one of us (Hammond 1927) in the cow as also by Corner (1921) in the sow, where the weights of ovaries are very largely influenced by the presence of corpora lutea and less by the growing follicles.
The development of the Graafian follicles
The development of the Graafian follicles was studied by Kupfer (1928) in the donkey. He has found that only one of the many follicles which appear macroscopically on the active ovary reaches full maturity and ruptures; the remainder of the follicles are reduced and appear as atretic follicles or remain over for a new interovulation period. As is well known in the mare only one follicle usually ripens at each period.
As is shown in tables 2 and 3, in figure 1, plate 1 and figure 3, the development of the Graafian follicle is peculiar in the mare and differs in many points from the development of the follicle in the cow, as well as in some other domestic animals. The observed follicles were divided in four groups according to size, the largest of which would be due to ripen at next oestrus, while the smallest consisted of very small follicles only.
The numbers of follicles in both ovaries vary greatly in different stages of the oestrous cycle (tables 2 and 3): 2 days before heat there are only four follicles in both ovaries, whereas 2 days afterwards on the 1st day of oestrus there are twenty-two follicles, mostly very small ones. The same thing is found on the 5th day of heat, when there are a similar number of twenty-one follicles. On the 6th day of heat, or just after ovulation, the number decreases to seven relatively small follicles. In the period just (2 days) after the end of heat the smallest number of follicles, one in each ovary, is to be observed. At 8 days after the end of heat there are eight follicles. Of course the number of observations are too few on which to base general conclusions, but it seems to be certain that there is a relation between the number of growing new small follicles and the presence of one large Graafian follicle during the beginning of the period of oestrus. After wards these small follicles usually degenerate under the influence of the developing new corpus luteum or absence of the follicle-stimulating hor mone from the anterior pituitary. Tables 2, 3 and 4 give a bird's-eye view of the number and average diameters of the follicles and corpora lutea as well as a description of some particulars, in both ovaries, of our experimental mares in different periods of the oestrous cycle.
The growth of the follicles which are to ripen at the next oestrus is of interest. As is shown in figure 3 , the enlargement of the follicle that is to ripen begins just after the end of oestrus, and takes place gradually, due to the influence of the corpus luteum of the last heat period. A sudden enlargement takes place just before the beginning of the new heat period, and a slightly smaller enlargement takes place between the 1st and 5th day of oestrus. The second follicle follows the first one, decreasing in size after ovulation has taken place, when a new corpus luteum is formed.
Ovulation
Ovulation occurs spontaneously in the mare, as in many other domestic animals. The exact time of the ovulation is from the breeding point of view a very important matter. Other observations, e.g. artificial rupturing of the follicle on the 2nd and on the 4th days of heat (Hammond 1938a; Day 1939 a, b) , point to the fact that the shedding of the egg occurs about 24 hours before the end of heat. This is confirmed by our findings: the rupture of the Graafian follicle occurs on the 6th day of oestrus (figure 1, plate 1 and figures 2, 3). Just before this, on the 5th day of oestrus, the liquor folliculi becomes much more fluid and, when fixed in formalin, is not so firm as in the smaller ones, which have not yet ripened.
The corpus luteum
The changes which occur in the corpus luteum are very interesting (tables 2 and 4, figures 1, 2, 3).
The new-formed corpus luteum appears on the 6th day of heat, ovulation occurring, as was mentioned above, between the 5th and 6th day of oestrus. The pale colour is evidently due to the absence at this stage of lipoids in the luteal cells. The large, new corpus luteum (29-24 mm. diameter) consists of the folded walls of the follicle with numerous blood vessels and a central cavity (9 x 16 mm.). This cavity is continuous with the large point of rupture of the follicle, which has not yet been occluded by growth, and in the middle contains a small amount of secondary liquor folliculi. ovulation heat | after end of F ig ure 2. Curve show ing th e w eight o f th e activ e o v ary m inus th e w eight of th e inactive, during th e oestrous cycle. C ontinuous line-ovaries w ith grow ing G raafian follicle; broken line-ovaries w ith activ e corpus luteu m .
. P articulars of ova r ies of m ares k il l e d at d if f e r e n t stag es of t h e o estro us cycle «!
Changes during the oestrous cycle in the mare
It is evident from comparison with the changes which take place in the formation of the corpus of the rabbit (Hammond and Marshall 1925) and of the cat (Liche 1939, and unpublished data) that at this stage the corpus luteum has only just been formed.
In the next stage, 2 days after the end of heat, the corpus luteum itself is also pale, but it is suffused with chocolate blood spots. The large red point of ovulation in the fossa is still visible. At this stage it has the largest dimensions (25 x 29 mm. diameter) at any time during the oestrous cycle of the mare. Evidently this is the period of the development of the structure of the corpus luteum. The ingrowing cells of the walls are pale, the point of rupture is occluded, and a considerable amount of secondary liquor folliculi has accumulated in the centre; this is of chocolate colour and is caused by the rupture of blood vessels at the time of ovulation. This coagulum of blood in the centre of the corpus luteum has been described in the donkey by Kupfer (1928) , and may be seen in the centre of the corpus luteum long after rupture. In the next period, between the 2nd and 8th day after the end of heat, the structure of the corpus luteum is completed but its size becomes reduced, and it now has a smaller diameter than the largest of the newly forming Graafian follicles (tables 2 and 3). The consistency is firm with occasional blood vessels in the middle, and is of a buff-orange colour.
In the next stages (2 days before and during the next oestrus) the dia meter of the corpus luteuiq is still further reduced, and its colour changes from buff-orange to reddish and then to scarlet or brownish orange.
It is, of course, difficult to state very accurately the course of these changes in our very limited number of observations, as one does not know how much may be due to individual variability: but, as stated above, the mares selected for this purpose were as uniform as it was possible to obtain them. It can be stated definitely, however, that a corpus luteum of a previous generation can exist, although much reduced in size, side by side with one of the last generation and a third one from the new generation (table 2 and figure 3 ).
In conclusion, it is evident that, in the mare, as compared with the cow, the active stage of the corpus luteum is very short, in spite of its per sistence in a relatively inactive state during two or three oestrous cycles. It would seem (see figure 3) that the follicle takes a much more prominent part in the cycle than it does in the cow (see Hammond 1927, diagram 1) . That is, in the cow the corpus luteum, with its secretion of progesterin, plays a much larger part in the cycle than in the mare, while in the latter the follicle with its secretion of oestrin is a much more prominent feature of the cycle. It seems possible that this, and the long duration (6-7 days) of oestrus, may be associated with the peculiar structure of the ovary in the mare, as compared with other species, for as ovulation can only take place in the ovulation fossa, it takes longer for the growing follicle to come to this surface and break through them than if it could come to the surface directly above where it started to develop.
II. T h e a n a t o m ic a l a n d h is t o l o g ic a l c h a n g e s i n o t h e r p a r t s o f THE GENITAL TRACT OF THE MARE
In the subsequent pages will be given a short description of the changes observed in tubes, uterus, cervix and upper and lower vagina of the experimental mares during different stages of the oestrous cycle.
(
a) The Fallopian tubes
The Fallopian tubes in the mare are 30-70 mm. long, and consist of a proximally situated ampulla tubae with a diameter of 4-8 mm. and a uterine end with a diameter of only 2-3 mm. The muscular coat of the oviducts is characterized by its density, which gives to it a firm consistency, and its paleness.
The tubes were studied in sections from the same part of the ampulla tubae in each case.
The tube has the same layers of tissues as the uterus: (1) tunica serosa, (2) muscularis of a weaker longitudinal and thicker circular smooth muscle layer, and (3) mucosa. The most distinctive feature of the tube in the mare is, according to Schmaltz (19216) , the large number of primary and secondary folds (up to sixty); this could be observed on our material. The mucosa consists of a ciliated epithelium and a thin connective tissue with small blood and lymphatic vessels. Some authors (von Ebner 1902; Kuhn 1906) have also found some non-ciliated epithelium cells of narrow size and a longitudinal nucleus. Courrier (1930) and others have found in dogs, pigs, bats and guinea-pigs, characteristic changes in which during oestrus the cilia are lost and a mucous substance is produced by these cells and excreted into the lumen.
The fixation of our material in formalin does not allow a very accurate observation of the changes in this part of the genital tract during the different stages of the oestrous cycle. The observed differences are very slight as can be seen in table 5.
Some differences can be seen in subepithelial capillaries which are very small 2 days before heat. In the beginning of the heat period they are a little enlarged, and towards the end of oestrus are more prominent: 2 days after the end of heat they become quite small again.
The changes in the epithelium of tubes are also very slight: 2 days before heat as well as 8 days after the end of heat the cells are cubical in size. At the beginning of oestrus they become larger in size and of columnar shape, with more leucocytes in the stroma. On the 5th day of oestrus the epithelium cells seems to be swollen, perhaps partly filled with secretion, and contain many leucocytes in the stroma, especially when compared with the stage of 8 days after the end of heat. Between the 5th and 6th day of heat there are only slight differences. The 2nd day after the end of oestrus the epithelium cells appeared to be again more cubical in shape.
To summarize, the histological changes in the tube of the mare are relatively slight and there apparently exists in the mare no very pro nounced secretion stage of the Fallopian tubes, such as has been described by Courrier (1930) in other animals.
(b)
The uterus of the mare consists of two separate horns joining together distally to form the body of the uterus. It constitutes a somewhat cruci form organ, the horns leaving the body laterally at right angles or slightly recurved. The parts stained for histological study were always taken from approximately the same region of the horn half way between the body and the end of the Fallopian tubes.
Anatomical changes. Just after killing, the uterus together with the cervix of each mare was weighed and observed in fresh state. As shown in table 4 there was no correlation between the weight of these parts and the stage of the oestrous period: the larger weights of C8 and C4 are due to the fact that these mares were pregnant during the previous season.
The changes in the colour of the folds of the mucosa and in the general appearance of the uterus were more pronounced and interesting. Table 4 gives these exactly as they were recorded in our dissection book. The observed changes of colour from brownish yellow to pinkish yellow are undoubtedly connected with the congestion of the blood vessels which occur during the oestrous cycle.
The turgid condition of the uterine folds of the mucosa just before and at the beginning of heat appear to be followed by a more flaccid condition towards the end of heat and in the following days.
Histological changes. We shall begin by giving a bird's-eye view of the chief particulars of the histological structure of the uterus of the mare as described by the authors quoted above, and then point out some characteristics of the uteri of the experimental mares.
The general division of the uterine walls into serosa, muscularis and mucosa applies to the uterus of the mare; but the muscularis is not accurately separated into three layers: the muscle fibres from the weaker muscularis longitudinalis go simultaneously into the vascularis, and it is very difficult to separate the last one from the muscularis circularis.
The mucosa consists of three layers: (1) tunica propria, (2) uterine glands, and (3) stratum epitheliale. The first consists of extraordinarily loose connective tissue with a deeper glandular layer. According to Schmaltz (19216) there are three layers as follows: (a) tunica propria, (6) stratum reticulare, and (c) stratum fibrillare.
The uterine glands are more numerous in the horns than elsewhere; they are long and have a tubular shape. As can be observed in the trans verse sections they are long tubes which have a similar diameter in both the superficial and deeper layers. The tunica propria is peculiar in the mare in that it consists of loose connective tissue which, according to some authors, contains large lymphatic spaces. The epithelium of the glands has one single layer of columnar cells like those of the stratum epitheliale.
The stratum epitheliale is, according to Schmaltz (19216) , formed by high, but not ciliated epithelial cells in one layer with longitudinal nuclei situated on the base of the cells. The mucosa is formed by a loose connective tissue. From place to place there are large, pigmented, ovoid or round cells with a well-marked nucleus and vacuoles. The layer of glands in the horns is about 1 mm. in depth.
In our material we could confirm the above particulars of the structure with the addition of the observations shown in table 5 and figures [4] [5] [6] [7] [8] [9] (plate 2). The extreme microscopical changes which occur during the cycle are seen between the stage of 2 days before heat (C4) and the stage of the 2nd day after the end of heat (C7). The superficial layers of cells on the 2nd day after the end of heat are vacuolized and the tissues become less dense than before heat begins. This takes place in connexion with the changes in the permeability of the walls of the blood vessels and the increasing of fluids during oestrus, such as also occurs during pregnancy. In C4 (2 days before heat) there are fewer layers of cells in the epithelium than in C7 (2 days after heat), in which the epithelium cells are higher, while lymphocytes can be seen passing through them. The changes in the size of the lumen of the superficial glands are small, but 2 days after the end of heat (C7) they are wide, but become smaller again 8 days after (C6). The stages of proper oestrus (Cn , C9 and C8) which are marked by a widening of the lumen of the uterine glands are rather like the appearance in the 3rd month of pregnancy, although not so pronounced.
The surface of the mucosa varies, too, in the different stages, as can be seen in figures 4-9 (plate 2). In the stages of 2 days before and the 1st day of heat the small surface folds of the uterine mucosa are relatively wide. On the 5th and 6th days of heat the surface of the mucosa becomes flattened with practically no folds, while after the end of heat (C7 and C6) the surface folds become marked again.
Taken as a whole these cyclic changes in the uterine mucosa of the mare are not nearly so marked as in such species as the cow, sheep, rabbit and ferret, but are more nearly similar to those which occur in the sow (Corner 1921) . That is, the changes occurring in the uterine mucosa during the cycle are far less marked in those species which have a simple placenta than in those which have a more specialized placentation.
(c) The cervix
The cervix or neck of the uterus is, according to Schmaltz (19216) and Williams (1931) , a part of the pars indivisa uteri, and has no well-marked canalis cervicis, thus differing from the cow. The cervix rather protrudes into the upper vagina with a well-marked orificium externum. The lower part, which is about half of the total length of 6-5 cm., is distinguished by the presence of large folds (plicae palmatae). The cervix consists of a powerful, sphincter-like segment of the genital tract, which serves to separate, anatomically and physiologically, the uterus from the vagina.
Histologically there is a mucosa and a muscularis. The former is without the characteristic uterine glands, but has a well-developed subepithelial blood-vessel layer and, as mentioned above, well-marked primary and secondary folds. The whole mucosa produces as a large gland the most characteristic feature of this part of the genital tract-the mucus. The muscular layer in the cervix is well developed, thicker than in the uterus (10-20 mm.) but, according to Schmaltz (19216) , it is not so compact on account of connective tissue.
The mucous secretion and the degree of opening of the lumen of the cervix in the oestrous cycle were observed by Day (1939a): " In dioestrus, the cervix is tightly constricted and erect, a pale pink in colour, and the mucin is scanty and rather tenacious to the touch. In oestrus there is a gradual increase in the vascularity of the vagina and cervix, the mucin is more plentiful and is quite fluid and slippery to the touch." Furthermore, he observed a complete relaxation of the cervix during oestrus, so that it lay on the floor of the vagina and appeared somewhat oedematous.
Anatomical changes. The observed anatomical changes are recorded in table 4. The cervix was of pale appearance before (C4) and on the 1st day of heat (Cn ), and was congested from the 5th day (C9) until the end of heat. The small quantity of rather sticky mucus observed before and in the beginning of oestrus considerably increases towards the end of heat, and becomes of thinner consistency. After heat (C7) it again becomes moderately thick and decreases in quantity.
Not without interest are our observations concerning the degree of opening of the lumen of the cervix (table 4) . On the 5th and 6th day of heat, i.e. in the second part of oestrus, as well as shortly after the end of heat (C7), the muscles are relaxed and the aperture of the cervix is fairly wide open. Later, in the stage of 8 days after the end of heat (C6), the lumen becomes very small again.
In our mare C8 (6th day of heat), killed immediately after service, we observed the presence of a lot of sperm in the cervix; these, however, were not motile. It may be concluded that, at least in this case, the stallion ejaculated through the cervix. The presence of non-motile spermatozoa may be explained by the consistency of the mucus in the cervix; the sperm in the uterus were motile.
Histological changes. The histological examination confirmed the anatom ical particulars described above. As stated, apart from the adventitia and muscularis, there is in the cervix a mucosa, thrown into a large number of primary and secondary folds. The mucosa has a core of connective tissue with finer blood vessels and is covered by an epithelium, which forms simple sacculated glands. The shape of these, especially in the secondary folds, is swollen and also the number of folds seems to increase at the end of heat and shortly afterwards.
The character of the epithelium varies considerably in different periods of the oestrous cycle (table 5) . At the beginning of heat (Cn ) the epithelial cells slightly lengthen, and by the 5th and 6th days (C9 and C8) they are nearing their maximum: 8 days after the end of heat (C6) they have almost returned to their cubical form.
An explanation of these changes is found in preparations stained for mucin (figures 10-13, plate 1). Thus one can observe an enlargement of the mucosa, as shown by its greater thickness. Its cells are swollen during the second period of the oestrous cycle and the shape and number of secondary folds is increased. The enlargement that takes place during oestrus is due to an accumulation of mucus in the outer edges of cells, a varying amount being set free at the base of the folds. Two days before heat (C4) the epithelium cells are mostly cubical with a few cells containing mucus; there is a very thin layer of mucus outside the cells in the vaginal lumen. On the 1st day of heat (Cn ) they lengthen and are partly filled with mucus, the mucous layer lying outside the cells becoming more continuous; many leucocytes are to be seen in the submucosa, and some of them wander through the epithelium. Finally the connective tissue also loses its compact appearance during the first days of heat.
The 5th day of heat presents the following changes: the loose connective tissue is in some places filled with many leucocytes, and the blood vessels are enlarged and partly congested. The epithelium cells are swollen and rather columnar in shape; they are partly filled with mucus, which forms a wide layer outside the cells in the lumen of the cervix. As was to be expected, the next stage (the last day of heat, C8) presents great changes. Even if the extravasation and congestion of blood vessels is partly due to a foregoing coitus, the climax of these processes is shown by the swollen shape of the epithelium cells, the mucus which fills them and, lastly, by a quantity of mucus in the lumen.
In the stages which follow the end of heat there is a gradual return to normal: 2 days after the end of heat the shape of the epithelial cells becomes more cubical, and there is a small amount of mucus outside the cells; a larger quantity still fills them. Finally, 8 days after the end of heat (C6), the blood vessels in the mucosa are just visible, together with a few leuco cytes, and the connective tissue is again more compact. In this period the mucus is produced by only certain cells, others having very little mucus in their body.
Taken as a whole, the changes in the epithelium of the cervix of the mare during the oestrous cycle, although not so pronounced as in the cow (Hammond 1927) , are in principle the same: the liquefaction of thick On th e to p row th e G raafian follicle is seen ripening. I t enlarges g reatly during th e h e a t period a n d ru p tu re s betw een th e 5 th a n d 6th d a y of o estru s; from th e walls of th e ru p tu re d follicle a corpus lu te u m is form ed, a t first d a rk from th e blood a n d secondary liquor folliculi, w hich breaks into th e follicle. F o r o th er p articu lars see tab les 2-4 an d te x t. F ig u r e s 4-9. Sections th ro u g h th e u terin e m ucosa of the experim ental m ares, x 35. F igure 4, C4, 2 days before h e a t; figure 5, Cn , 1st day of h e a t; figure 6, C9, 5th day of h e a t; figure 7, C8, 6th d a y of h e a t; figure 8, C7, 2 days after end of h eat, and figure 9, C6, 8 days a fte r end of h eat. mucus in the second part of oestrus must play the same important role of allowing the ascent of the spermatozoa through the cervix. This is con firmed by macroscopical observations (Day 1939a).
(d) The vagina According to Schmaltz (19216) , Sisson (1930) and Williams (1931) the vagina in the mare represents the fused caudal ends of the Mullerian ducts and extends from the cervix to the vulva. The vagina is 30-32 cm. long and divided in two separate parts: the vagina proper (i.e. the part above the urethra) and the vestibulum vaginae (i.e. the part below the urethra). The hymen femininus marks the limit between these two parts of the vagina.
(1) The vagina proper forms, according to Schmaltz (19216) , three-fifths of the total length of the vagina and has a relatively simple structure: the walls are thin and consist of an adventitia, a muscularis and a mucosa. The muscularis, contrary to that of other domestic animals, is loose and consists of a middle part of smooth muscles, which is connected at both sides to connective tissue. The mucosa in turn has a layer of loose con nective tissue and an epithelium 25-30 mm. high; the latter consists of four to five layers of polygonal cells with round nuclei.
Anatomical changes. Only very slight anatomical changes were observed during oestrus (table 4) . In general appearance it is pale, except at one stage of the 6th day of heat (C8). In this case the vagina was congested in its upper part, with thick mucus in the middle. This condition seems to be unusual, and is evidently due to a coitus previous to killing this animal. In the cow at the same period this condition is present-the vagina being congested and deeper in colour. The small amounts of mucus at different stages (C4, C8 and C6) are probably produced by the cervix. But it seems likely that the portion of the vagina next the os undergoes very similar changes to those that occur in the cervix, as was stated in the case of the cow (Hammond 1927) .
More obvious are the other changes in the vagina proper, e.g. the larger permeability of the blood vessels during oestrus and the increase in size and number of the secondary folds of the mucosa. The changes occurring in the vascularity of this area at different stages during the oestrous cycle are shown in table 5. The small subepithelial vessels, which enlarge at the beginning of the cycle, are, at the end of heat, congested and some blood can be seen free under the epithelium. After oestrus, on the 2nd and 8th days after the end of heat, the congestion of these small vessels is less pronounced, but on the 2nd day after the end of heat (C7) they are still larger than 2 days before heat. In conclusion it may be noticed that the congestion of the blood vessels in the mare during oestrus occurs later and is less pronounced than in the cow.
Histological changes. The whole surface of the vagina proper is thrown up into a large number of primary and secondary folds. During oestrus, especially towards the end of heat, the number of secondary folds, as well as their size, increases.
More marked, as can easily be seen from table 5 and figures 14-19 (plate 3) , are the changes in the epithelium: 2 days before heat (C4) the epithelium is thin, with only one dark stained and one cornified layer. On the 1st day of heat the secondary mucosa folds are more marked, and there is a beginning of cornification (Cn ). On the 5th and 6th days of heat these changes are developed even further (C9 and C8), with very distinctly marked folds of the mucosa and a thick, well-cornified epithelium. On the last day of heat the layers of epithelial cells are thrown off and a number of leuco cytes wander through the epithelium.
At the end of heat the epithelium is thinner, but, on the 2nd day after the end of heat, it still remains thicker than it was before heat. The shed ding of cornified cells continues, although not in such great quantity as at the end of heat; a few leucocytes still find their way through the epi thelium. In the last stage, i.e. 8 days after the end of heat, there is a regeneration of the epithelium, although it has not yet assumed its preoestrous thickness.
In conclusion it may be pointed out that the anatomical changes in the vagina proper during the oestrous cycle are in the mare less pronounced (especially in the lack of bleeding) than in the cow. Nevertheless, the histological changes (i.e greater cornification) are more pronounced in the mare than in the cow. The shedding of the vaginal epithelium and leucocytosis in the mare are processes similar to those observed during the oestrous cycle in some rodents.
(2) The vestibulum vaginae. The vagina below the urethra constitutes the posterior termination of the genital canal. This portion forms, on the average, two-fifths of the total length of the vagina. According to Schmaltz (19216) the erectile tissue in the submucosa is less pronounced in the mare than in other domestic animals. The flat stratified epithelium originates from the ectoderm and forms many layers, so that it is twice as thick as in the vagina proper. The most particular feature is the growing of the epithelium down into the mucosa, like the lacunae Morgagni in the human urethra; it may or may not have a visible lumen.
The anatomical changes were described in connexion with the vagina proper.
The histological changes observed in different stages of the oestrous cycle are reported on in table 5 and figures 18-21. The long storage of our material in formalin solution was no help in the cutting and staining of the prepara tions.
The vascular changes are similar, although it seems to be less affected by a congestion of the blood vessels during the cycle. There is an enlarge ment of the subepithelial capillaries at the beginning of the heat period (Cn ). Afterwards their size further increases; they are always numerous. Probably they are connected with the vascular supply to the erectile organs.
More significant are the changes in the epithelium. As is shown in table 5 and figures [20] [21] [22] [23] (plate 4) the chief characteristics are changes in thickness and in amount of cornification. Furthermore, it must be pointed out that the surface of the lower vagina mucosa consists of two different parts: in some places it is like the rugae vaginales in the human subject, in other places it has a smoother surface without folds (figures 23 a , b and c). The thickness of the epithelium is also affected by the presence of the above-mentioned lacunae which sometimes form 'pearls', i.e. peculiar inclusions in the deeper layers of the stratified epithelium.
At the beginning of oestrus (Cn ) there is an increase of cornification and a larger accumulation of leucocytes in the connective tissue beneath the epithelium.
On the 5th day of heat (C9) the cornification is still more advanced; epithelial cells are thrown off and leucocytes start penetrating the epi-• thelium.
On the 6th day of heat (C8) the shedding of cornified epithelium cells is even more pronounced than on the 5th day: the surface of the epithelium is much thinner and becomes rough by the shedding of several cornified layers.
After the end of heat (C7 and C6) the epithelium regenerates and grows up. Very few cells are shed and, at the end of this period (i.e. 8 days after the end of heat), it has a normal appearance with a few cornified cells.
In conclusion it can be stated that the most important changes in the vestibulum vaginae during the oestrous cycle are represented by a relatively feeble increase in the size of the blood vessels, and a well-marked cornifica tion of the epithelium and an increase in the depth of the stratified epi thelium. This is in contrast to the cyclic changes of the cow, where the congestion of the blood vessels, with even extravasation of blood beneath the surface of the epithelium, are the most prominent features (Hammond 1927) .
(e) The mammary gland
The structure of the udder in the mare is described by Schmaltz (19216) and Williams (1931) .
Owing to circumstances beyond our control, we can only give a short statement of the anatomical changes observed during the oestrous cycle (table 4). We have not been able to come to any satisfactory conclusions,, as there is a considerable range of variations in individuals, and we had only a few experimental mares. In one of our mares (C8) killed some time after parturition, there was some increase in the weight of the udder. The figures in table 4 should, however, be helpful to further investigations with more material.
S u m m a r y a n d d is c u s s io n
A study of the changes in the reproductive organs of the mare during the oestrous cycle has been made by the observations of changes in the weight, anatomy and histology. Although the material was barely sufficient, its great uniformity as mentioned above allows us to draw the following conclusions.
The length of the cycle and the duration of oestrus shown by the experi mental mares (which had been regularly examined for a long period pre vious to killing) corroborates the results of Hammond (1934 Hammond ( , 1938a and Day (1939a Day ( , 6, 1940 . In our mares the length of heat was 7 days, and the length of dioestrus 16 days. The degree of constancy in the length of the oestrous period in our case is probably due to the uniformity of our material, as well to time of year at which all the animals were killed.
Contrary to a statement of Kupfer (1928) (concerning the donkey) ovulation takes place in the ovulation grove. The ovulation occurs at some time during the last days of heat; thus the previous findings of Hammond (19386) and Day (1939a) are confirmed.
The principal phenomena occurring in the ovaries of the mare during the oestrous cycle are shown by measurements of the size of the active and inactive ovaries, the follicles and corpora lutea. It can be stated that, in the mare in contrast to the cow (Hammond 1927) and the sow (Corner 1921) , the size of the ovary during the oestrous cycle is chiefly influenced by the growing Graafian follicle.
A survey of the development of the Graafian follicles and corpora lutea was undertaken. The average diameters of the follicles and corpora lutea have been recorded and plotted in curves. In contrast to the cow and the sow, where there is a gradual growth of the follicle, we have in the mare a very sudden one. Furthermore, the number of follicles, wdiich are present at different stages, varies greatly. Each of the curves showing the growth of the immature, small follicles, follows to a certain extent that showing the development of the large Graafian follicle; in this the mare differs from the sow (Corner 1921) . It is suggested that the abundant small follicles at the beginning of heat, which disappear later and probably partly degenerate, do so on account of an absence of follicle-stimulating hormones from the anterior pituitary. Liche (1939) has stated that, in the cat, the follicles undergo a process of athresia.
The formation of a new corpus luteum, as well as its subsequent decrease in size during later stages of the cycle, is described. The colour of the newly formed corpus luteum varies greatly during its life from a pale tint to brownish, or orange and scarlet. As in the cow the rupture of the follicle is associated with some bleeding on and under the surface of the ovulation fossa; later this is shown as a chocolate-coloured spotting. The point of rupture can be seen during the following days as a large point of ovulation in the ovulation grove. It can be stated that the active stage of the corpus luteum is very short, much shorter than in the sow (Corner 1921) and cow (Hammond 1927) . These latter have also a comparatively long period of maximum corpus luteum development, whereas in the mare the active stage is very short, and the maximum diameter of the corpus luteum seems to be always below that of the Graafian follicle.
The larger increase of the Graafian follicle with its secretion of oestrin in the mare plays a more important role than in the cow or sow. As the spontaneous ovulation in the mare occurs exclusively in the ovulation fossa, the heat is much longer: this would appear to be due to the longer time taken by the follicle to come to the surface of the ovulation fossa and break through.
The changes occurring in the Fallopian tubes, uterus, cervix, vagina proper and vestibulum vaginae are described.
The changes occurring in the Fallopian tubes during the heat period are less pronounced than stated by Courrier (1930) in dogs, bats, swine and guinea-pigs. There is a slight enlargement both of the subepithelial blood vessels and of the epithelial cells. The secretion stage of the latter is not pronounced.
Some anatomical and histological changes occur in the uterus during the cycle. With reference to the former there are changes in colour as well as in the turgidity of the uterine folds. The histological changes concern the permeability of the walls of the blood vessels, the shape of the epithelium cells and glands, and the surface of the mucosa. It is considered that the cyclic changes in the uterine mucosa of the mare differ from such species as the rabbit, ferret and cat, where there is a very specialized placentation, in that they are far less marked. They are also less marked than in the cow; rather are they similar to species with a simple placenta, such as the sow (Corner 1921) .
The presence of semen in the uterus of one of our mares, killed im mediately after service, shows that the stallion in this case ejaculated into the uterus. This throws some light on what is, from the breeding point of view, important (Day 1939a) , that is, that the cervix must he relaxed before this can occur.
Marked changes occur in the cervix during the cycle. Anatomical changes concern the degree of congestion of the blood vessels and the amount of opening of the lumen, but both anatomical and histological changes are less pronounced than in the cow (Hammond 1927) . The cervix acts as an im portant mucous gland during the whole cycle, allowing the ascent of the spermatozoa, but only towards the end of the heat period is there a distinct flow.
The structure of the vagina proper and the vestibulum vaginae is described; in the mare it varies in different parts of the vagina. The anatomical changes that occur during the oestrous cycle are far less pro nounced than in the cow, as there is no bleeding. Histological changes in both parts of the vagina are represented by a well-marked cornification of the epithelium and an increase in depth, especially towards the end of heat. During metoestrus, after the cornified cells are shed, there is a regeneration of the epithelium. There is no such cornification in the cow, but there are similar processes in some rodents, where there is also a marked leucocytosis.
Certain anatomical changes in the mammary gland during the oestrous cycle are described but not discussed.
A part of the expenses of this investigation were defrayed by a grant from the Polish Culture Fund, Warsaw.
Our thanks are due to Mr M. A. C. Hinton, F.R.S., Keeper of Zoology at the British Museum (Natural History), for providing facilities enabling us to complete the paper in this country.
We are also obliged to Dr Alexander Elkner, of the Department of Histology of the University of Warsaw, as well as to Mr Clement W. Williamson, who between them have taken some of the photographs, and also to the willing help of Mr S. J. Tadman and J. Pike, laboratory assis tants at the Animal Research Station of the School of Agriculture at Cambridge.
